We derived the barium atmospheric abundances for a large sample of Cepheids, comprising 270 stars. The sample covers a large range of galactocentric distances, from about 4 to 15 kpc, so that it is appropriated to investigate the existence of radial barium abundance gradients in the galactic disc. In fact, this is the first time that such a comprehensive analysis of the distribution of barium abundances in the galactic disc is carried out. As a result, we conclude that the Ba abundance distribution can be characterized by a zero gradient. This result is compared with derived gradients for other elements, and some reasons are briefly discussed for the independence of the barium abundances upon galactocentric distances.
INTRODUCTION
In our extensive studies of the elemental distributions in the galactic disc based on studies of Cepheid spectra (Andrievsky et al. 2002a , Andrievsky et al. 2002b , Andrievsky et al. 2002c , Andrievsky et al. 2004 , Luck et al. 2003 , Luck et al. 2006 , Luck et al. 2011 , Luck & Lambert 2011 , we have avoided the determination of barium abundances. Although three Ba ii lines are available in the observed spectral domain, all are very strong in Cepheid spectra with equivalent widths ranging from 200 to 600 mÅ. A simple LTE analysis of such strong lines could produce incorrect abundance results due to NLTE effects in the atomic populations, and more importantly, due to strong saturation effects making the analysis particularly sensitive to the microturbulence.
The great majority of studies devoted to the barium abundance in the galactic disc are based on the LTE approximation, and most focus on nearby stars. Recently, a more sophisticated method: i.e., NLTE, has been applied to the galactic disc stars, but as in the case of older studies, only for those situated near the solar region (Korotin et al. 2010) .
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The present-day barium abundance distribution in galactic disc results from a variety of processes. The different processes include nucleosynthesis in AGB stars, supernovae of type II, as well as dynamical processes involving radial gas flows that lead to large scale mixing of the interstellar medium. The barium abundance distribution in the galactic disc (as well as distributions of the heavy r-/r + s-process elements like La, Ce and Nd) is necessary to constrain models of the Milky Way chemical evolution. Existing data on the barium content in objects situated at large distances from the Sun are scarce, and apparently insufficient to check the validity of model predictions (see, e.g. Figure 9 in Cescutti et al. 2007) .
To investigate the barium abundances in distant stars we use the sample of Cepheids investigated in our previous works: Andrievsky et al. (2002a) , Andrievsky et al. (2002b) , Andrievsky et al. (2002c) , Luck et al. (2003) , Luck et al. (2006) , Luck et al. (2011) . In those papers, one can find information about the atmospheric parameters of the program stars and their spectra. For some stars, we have used the multi-phase observations described in Luck & Andrievsky (2004) , Kovtyukh et al. (2005) , Andrievsky et al. (2005) , and Luck et al. (2008) . The reasons for studying these stars are many. These stars are luminous, allowing them to serve as probes of distant regions. The methods of the abundance analysis of the stars of F-G spectral classes are well established; and finally, Cepheids are rather young stars, and thus they reflect the present-day characteristics of the galactic disc, even though they had time to migrate.
BARIUM ATOMIC MODEL AND METHOD OF ABUNDANCE DETERMINATION
. Andrievsky et al. (2009) describe our model of barium atom in detail. Briefly, it consists of 31 levels of Ba i, 73 levels of Ba ii, and the ground level of Ba iii. Ninety-one boundbound transitions between the first 28 levels of Ba ii with n < 12 and l < 5 are computed in detail. The remaining levels are used for particle number conservation. For two levels, 5d
2 D and 6p 2 P0, fine structure was taken into account. Oscillator strengths, photoionization cross-sections, collisional rates, broadening parameters and test calculations are found in the above-mentioned paper.
Atomic level populations were determined using the MULTI code of Carlsson (1986) with modifications as given in Korotin et al. (1999) . MULTI calculates the line profile for each line considered in detail. The line profile computed assuming either LTE or NLTE depends upon many parameters: the effective temperature of the model, the surface gravity, the microturbulent velocity, and the line damping as well as the populations in the appropriate levels. Departure coefficients, defined as the ratio of NLTE to LTE level populations, are also computed by MULTI, and they depend only on the model atom and model stellar atmosphere. Specifically, they are independent of the total abundance, the damping, and the microturbulence.
Barium atom has seven isotopes. Isotopic shifts are very small (about 2 mÅ). For two odd isotopes 135 Ba and 137 Ba the hyper-fine structure is quite important, and this produces additional complication in the line structure (several line components of the odd isotopes shifted relatively to the lines of even isotopes). This produces the shifts between the line components formed by odd and even isotopes. It is known that the most pronounced effect is seen in the Ba ii line 4554.03Å (out of our spectral region).
In principle, this effect has some influence on profile of the 6496.91Å line. The components of the odd isotopes constitute two compact groups that are shifted on -4 and +9 mÅ relatively components of the even isotopes. For the rest of our two lines the corresponding shifts are too small to affect their line profiles.
As it was showed in the work of Mashonkina et al. (1999) for the adequate barium line modelling it is sufficient to use the three-component model suggested by Rutten (1978) . For the calculations of the Ba line profiles in the spectra of young stars one can use the even-to-odd abundance ratio of 82:18 (Cameron 1982) .
Since the equivalent widths of our program barium lines are larger than 250 mÅ, we can state that HFS does not have in this case any significan influence on the line profiles.
Three Ba ii lines are available in our program spectra for the abundance analysis: 5853.68Å, 6141.71Å and 6496.91Å. The barium abundance was derived by fitting calculated profiles to the observed profiles. All of the available barium lines are blended with lines of other elements. (iron lines, in particular). The blending effect is more significant for the 6141.71 and 6496.91Å lines (for 5853.68Åline this effect is negligible). Proper comparison of the observed and computed profiles thus requires a multi-element synthesis. For this process, we fold the NLTE (MULTI) calculations into the LTE synthetic spectrum code SYNTHV (Tsymbal 1996) . With these programs, we calculated synthetic spectra for each Ba ii line region taking into account all the lines in each region listed in the VALD database (http://ams.astro.univie.ac.at/vald/). For the barium lines, the corresponding departure coefficients (so-called b-factors: b = ni/n * i -the ratio of NLTE-to-LTE level populations) are input to SYNTHV, where they are used in the calculation of the line source function and barium line profiles. Figures  1 and 2 show the quality of fit achieved by this process.
In Fig. 3 we show how blending lines together with Ba ii lines form the resulting profile of 6141.71 and 6496.91Å lines (an example for Cepheid DL Cas). We can see that the contribution from the blending lines (Fe i 6141.732Å for 6141.71Å, and Fe i 6496.467Å for 6496.91Å) is not extremely large (we have also to note that there are also two weak lines in the wings of 6141.71Å line -Fe ii 6141.033 A and Si i 6142.483Å). If spectral synthesis is properly done, then this contribution is adequalely accounted. For blending lines we used the reliable atomic data from the VALDatabase, see the reference above, while abundances of elements producing those lines are taken from the series of our previous papers, i.e. they were fixed. In particular, in this case VALD data are based on original data from Fuhr & Wiese (2006) . In fact, we always relied more on the barium abundance derived from 5853.68Å line. In a few cases this line was not available in our spectra, or its profile was spoiled due to some reasons. In those cases, only the rest two lines were used in abundance analysis. As a rule, the barium abundance derived from 5853.68Å line and from other two lines agreed well between themselves. If there was a significant deviation of the barium abundance from one of the 6141.71 and 6496.91Å lines, the correponding line was not considered in the final statistics.
Stellar parameters for all stars were taken from our previous works (for a compendium, see Luck et al. 2011) . These parameters were determined from a combined LTE excitation and ionization balance analysis. In particular, the microturbulent velocity depends solely on Fe ii lines. In our syntheses, we used previously published (see Luck et al. 2011 ) abundances of elements whose lines were treated in SYNTHV: i.e., blending lines and lines situated in the vicinity of barium lines. In some cases, our program Cepheids exhibit asymmetric line profiles due to dynamic phenomena associated with pulsation. In such cases, our profile fitting cannot be applied, and thus, spectra with greatly asymmetric lines were excluded from the analysis. A few exceptions were allowed in which we used the 5853.68Å line alone to derive NLTE barium abundance. This line is not heavily blended, and its equivalent width is measurable by direct integration.
RESULTS OF THE NLTE BARIUM ABUNDANCE DETERMINATION AND SOURCES OF ABUNDANCE ERRORS
. Table 3 contains the list of program stars, phases for the selected spectra, adopted atmosphere parameters, galactocentric distances (based on RSun = 7.9 kpc), NLTE barium abundances, sigma values and the number of analyzed barium line profiles. In some cases, adjacent echelle orders contain the same barium lines and each profile was analyzed independently. For some stars we have multiphase observations, therefore the number of analyzed barium line profiles is the number of available spectra multiplied by the number of available barium lines in each spectrum (this number is listed in Table 3 ).
We have investigated the parameter sensitivity of the derived Ba abundance. Our initial parameters were T eff = 6000 K, log g = 2.0, Vt = 4.0 km s −1 with [Fe/H] = 0. We then generated lines assuming log ǫ(Ba) = 2.17 and matched them using parameter sets that vary one parameter at a time. An increase of 150 K in effective temperature changes the Ba abundance by +0.1 dex, a 0.2 dex increase in log g gives a change of +0.06, and a microturbulent velocity increase and decrease of 0.5 km s −1 yields a decrease and increase in abundance of -0.23 and +0.28 dex respectively. The formal parameter related uncertainty is thus about ± 0.3 dex. However, note that at lower microturbulent velocities the dependence of the barium abundance on Vt is much stronger.
In Figures temperature, surface gravity, and microturbulent velocity. As one can see, there is no significant dependence on phase φ (for three stars where we used multiphase observations Figure 5 shows such a depenedence), T eff , or log g, but there is a quite clear variation with microturbulent velocity (Figure 8 ). This relation is quite disconcerting as it means that we are dealing with strong saturation in the lines, and hence, the dramatic dependence of abundance on assumed microturbulent velocity. To illustrate, we give in Table 1 the dependence of the Ba abundance on microturbulent velocity for UX Car.
In the case of UX Car (Table 1) , the Fe ii derived Vt (4.7 km s −1 ) yields excellent agreement between the three Ba ii lines. This is not surprising as this Vt is in the region of Vt versus Ba (see Figure 8 ) where there is no obvious dependence between abundance and Vt. This suggests that it might be possible to find the proper Vt value for Ba ii by forcing the three lines to yield the same Ba abundance 4800 5200 5600 6000 6400 6800
Teff ( using Vt as a free parameter. The result of this approach for IR Cep is shown in Table 2 . The idea behind this attempt is that each Ba ii feature has a constant contribution from Ba that is defined by the best fitting synthesis. One then uses the best fitting abundance to the profile to calculate the unblended Ba equivalent width. One then matches the equivalent width for each selected microturbulent velocity. In this test, we have matched the equivalent widths using an LTE approach. As the primary problem we are trying to overcome now is not level populations but saturation effects. While there is a range of equivalent widths in the Ba ii lines, all lines are saturated and it is not possible to obtain a clear-cut indication of a better value to use for Vt. In this case, the Fe ii Vt is 2.9 km s −1 , which gives a spread of about 0.13 dex between the Ba ii lines. The spread at 4.0 km s −1 is marginally better at 0.10 dex, but given the overall uncertainties, does not significantly improve the confidence level of the abundance determination. It is also of interest that above about 6 km s −1 the lines become only weakly dependent on Vt; that is, they are de-saturated and behave as weak-lines. Also included in Table 2 is the best fitting Ba abundance for the NLTE analysis. The NLTE corrections for these lines are not especially large averaging around -0.1 dex. The origin of the dependence of the Ba abundance of Vt as shown in Figure 8 could arise in a velocity stratification in the atmosphere of Cepheids. The solar atmosphere exhibits an increasing microturbulent velocity with height (Stodilka & Malynch 2006 ) and it would not be surprising if similar temperature but higher luminosity objects showed the same phenomena. Quite strong barium lines have effective depth of formation high in the atmosphere, while weaker (on average) iron lines used for microturbulence determination must be formed deeper in atmosphere at a lower Vt.
Since there is no straightforward method to account for the dependence seen in Figure 8 , we simply divide the barium abundance data into two parts based on the microturbulent velocity. From Figure 8 , one can estimate that the break in the (Ba/H)-Vt relation roughly corresponds to Vt = 3.8 km s −1 .
THE BARIUM RADIAL ABUNDANCE DISTRIBUTION
. Our primary interest in previous Cepheid abundance studies has been the distribution of the elements in the galactic disc, and the motivation for this study of Ba abundances is no exception. While there is uncertainty about the abundances themselves, we shall persevere and consider the abundance distribution found from our Ba data.
In Figure 9 we show the radial barium abundance distribution in galactic disc as derived from the total sample of the stars and from the sample with Vt > 3.8 km s −1 (the distances are given in Table 3 ). With the exception of a few deviant stars (such as EE Mon at RG = 15 kpc) the barium abundance distribution looks essentially flat. The mean value for the total sample is <(Ba/H)> = 2.29 ± 0.15. If we use barium abundance data for the part of the sample with Vt > 3.8 km s −1 , the mean value is <(Ba/H)> = 2.25 ± 0.13. Both values are the same within the estimated errors. What is important to note is that in both cases we have almost zero gradient.
DISCUSSION
As a first approach to the Ba gradient, a linear regression was fitted to the data of Figures 9, with the formal result being: (Ba/H) = +0.0066 RG + 2.2345 (the total sample), and (Ba/H) = +0.0003 RG + 2.2456 (Vt > 3.8 km s −1 ). From this, we conclude: 1) Barium abundances appear to be the same with a quite large scatter around the mean in the region spanning galactocentric distances from 4 to 15 kpc.
2) The mean (Ba/H) value for the solar neighborhood is near the solar barium abundance. The Cepheid mean values are 2.29 for the total sample and 2.25 for the stars with Vt > 3.8 km s −1 versus a solar (NLTE) barium abundance of 2.17.
What could be the origin of a homogeneous distribution of barium in the galactic radius? Let us consider the iron distribution in the disc presented in Figure 10 (data from Luck et al. 2011 ). This figure shows that the mean iron abundance in the range of galactocentric distances from 9 to 14 kpc is about 0.2 dex lower than in the solar vicinity. This difference would be about 0.3 dex if we adopt the metallicity distribution with a step at corotation as proposed by Lépine et al. (2011) based on a study of open clusters. One could expect to detect lower barium abundance in the region 9-14 kpc relative to the solar value, but this is not the case, as one can see in Figure 9 . If one adopts for lanthanum, praseodymium, neodymium, samarium, and europium the main s-and r-process dissection provided by Simmerer et al. (2004) , and plot their r-process fractions vs. abundance gradients derived for these elements by Luck & Lambert (2011) , then one can note the sligt (and quite loose) slope in the "abundance gradient -r-process fraction" dependence. Using this dependence together with barium r-proceess fraction 0.15, one can derive the expected barium abundence gradient of about -0.03 dex/kpc, which is in contrast to the zero slope from the present paper.
This discrepancy between observed and expected abundance gradient for Ba abundance requires either a peculiar sprocess pattern with lower "r"-process fraction for all above considered elements, or there is a systematic error in the Ba abundance analysis, an odd error that is not revealed by the temperature, gravity, or phase-dependent spectra.
Another possibility could be connected to some unaccounted yet effect, which may be hidden in the literature La, Ce, Nd and Eu LTE abundance data derived for Cepheids, and respective gradients based on them. For instance, the NLTE deviations for these elemets may be different for the stars with (even slightly) different metallicities located at the different galactocentric distances.
Since there are no other literature large studies of the barium abundance distributions in the disc, and thus there is no possibility to compare our barium data with the results of other specialists, we prefer to leave a detailed discussion of this problem for the future time, until the new observational and theoretical data on barium and other heavy s-process element distributions in the galactic disc appear. This paper has been typeset from a T E X/ L A T E X file prepared by the author. 
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